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Nucleardataproblemsdn leadcooledfastsystems

Variousindependenthecksof crosssectionsensitvity for lead/bismutrcooledADS:

e IAEA ADS benchmarkreactvity burnupswing
e PDS-XADS
e MUSE
e OtherADS designg CIEMAT, ANL (Palmiotti, Sahatores))
Result: (n,n’), (n,2n) and feedingfrom > 20 MeV yield considerablaifferencesamong

world datalibraries,in sourceimportancep* andupto 2000pcmin ket ¢, on the basis of Pb
Cross sections only.

>>>>>>>>>>>>>>>>
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Uncertaintiesn leadcrosssections

Is this uncertaintyreally necessary?

Much experimentaldatafrom past10 yearsnot takeninto accountn datalibraries.

Attackingtheleadproblem:

e Collectall relevantexperimentadata

e Comparenuclearmodelcodewith experimentsandadjustnuclearmodelparametersf
needed.

e Producaall reactionchannelsvith nucleammodelcode— completeENDF-6datafile
e Do notstopattheusual20 MeV but at200MeV. (HINDAS-project)
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Why dowe needa modelcode?

Low enegies(E < 1 MeV):
e Only afew openreactionchannelsElasticscatteringcaptureandfission.
e Forimportantnuclei: (almost)Completemeasurementsanbe made.
Higherenegies(E > 1 MeV):

e Many reactionchannelpenup andthe existing experimentaldatabaseannever cover
whathappensn reality: Predictive nuclear models are essential.

e A modelcodecanrevealinconsistenciebetweeruncorrelateaxperiments.

Importantfor nuclearapplications:

e Numberof (expensve) experimentsis very finite. A modelcodecan producenuclear
datafor all nuclides,enegiesandchannels— Requiredaccurag from applicationss
crucialinformationto decideon useof experimentor modelcodeor both!
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TALYS

TALYS: nuclearreactionsoftwareby NRG Petten(Koning, Duijvestijn)andCEA Bruyeres-
le-Chatel (Hilaire)

e Enegy rangel keV - 200MeV.

e Neutronsprotons,deuteronstritons, helions,alphasandphotons.

e Marny nucleareactionmodelsimplemented.

e Continuoussmoothdescriptionover awide enegy andmassrange.

e Automaticgeneratiorof datain ENDF-6format.

e TALYS is notyetgenerallyavailable.



TALYS: CALCULATIONAL SCHEME

Loops possible over:
* Incident energies

* Natural isotopes

I nput:

* Keywords, eg:
projectile p

el enent fe
mass 56

energy 22.

Optical Moddl:

* Phenomenology
local / global

Direct reaction:
* Spherical OM

* DWBA

* Rotational CC

* Glant resonancesg
* Vibrational CC

Preequilibrium:

* Exciton model
1 + 2-component

* p-h LD phenom.

* Kalbach systematic
- angular distribution

- cluster emission
- surface effects

* y-ray emission

L

\

U

Output:

*File 'output’
defined by
keywords

*Dedicated

files with
spectra, ...

Nucl. Structure:

* Abundancies

* Discrete levels

* Deformations

* Masses

* Level density par.
* Resonance par.

* Fission barrier par.

* Microscopic LD
* Prescission shapes

A

A

Compound:

* Width fluctuations
- Moldauer
- GOE triple integr.
- HRTW

* Hauser-Feshbach
* Fission competition
* y-ray emission
* GC+ Ignatyuk

Multiple emission:

* Exciton (any order)
* Hauser-Feshbach
* Fission competition
* All flux depleted

y -ray cascade
* Exclusive channels

* Recoils

ENDF:

* transport libs
* activation libs
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Dataproducedoy TALYS

¢ Total, elasticandreactioncrosssections.

¢ Inelasticcrosssections.

e Elasticandinelasticangulardistributions.

e All exclusivereactionchannelge.g. (n,p),(n,2n),(n,nd2a)).

e All exclusive double-diferentialspectra.

e All exclusieisomericproductioncrosssections.

e All exclusie discreteandcontinuumgammaray productioncrosssections.
e Photonucleareactions.

e Reaction®nisomerictargets.

\
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Dataproducedoy TALYS

e Total particleproductioncrosssectiongn,xn).

¢ Total particleproductiondouble-diferentialspectra.

e Residualproductioncrosssectiongincludingisomers).
e Activationlibrariesin EAF andENDF-6format.

e Transporiibrariesin ENDF-6format.
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Library Resonanceange URR-20MeV >20MeV
ENDF/B-VI.8 — — —
JENDL-3.3 Mizumoto(1987) Mizumoto(1987)Shibata(2001)—

JEFF-3.0 Mizumoto(1987) Mizumoto(1987) —
BROND-2.2 Blokhin (1984) Blokhin(1990) —

Pb-204

NRG Larson(1989) Koning(2003) Koning(2003)
Library Resonanceange URR-20MeV >20MeV
ENDF/B-VI.8 Larson(1989) Fu(1989) Chadwick(1996)

JENDL-3.3 Mizumoto(1987) Mizumoto(1987)Shibata(2001)—
JEFF-3.0 Mizumoto(1987) Mizumoto(1987) —
BROND-2.2 Blokhin (1984) Blokhin(1990) —

NRG Larson(1989) Koning(2003) Koning(2003)

Pb-206




Library Resonanceange URR-20MeV >20MeV
ENDF/B-VI.8 Larson(1989) Fu (1989) Chadwick(1996)
Pb-207 JENDL-3.3 Mizumoto(1987) Mizumoto(1987)Shibata(2001)—
JEFF-3.0 Mizumoto(1987) Mizumoto(1987) —
BROND-2.2 Blokhin (1984) Blokhin(1990) —
NRG Larson(1989) Koning(2003) Koning(2003)
Library Resonanceange URR- 20 MeV >20MeV
ENDF/B-VI.8 Larson(1989) Young(1996) Chadwick(1996)
Pb-208 JENDL-3.3 Larson(1989) Mizumoto(1987)Shibata(2001)—
JEFF-3.0 Larson(1989) Mizumoto(1987) —
BROND-2.2 Blokhin (1984) Blokhin(1990) —
NRG Larson(1989) Koning(2003) Koning(2003)




Bi-209

Library Resonanceange URR-20MeV >20MeV
ENDF/B-VI1.8 Smith(1989) Smith(1989) Chadwick(1998)
JENDL-3.3 Yamamurq1989) Yamamuro(1989)hibata(2001)—
JEFF-3.0 Smith(1989) Smith(1989) —
BROND-2.2 Blokhin(1984)  Blokhin(1990) —
NRG Yamamurq1989) Koning(2003) Koning(2003)
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ENDF-6philosoply usedby TALYS

e Datafile shouldoecompletej.e. shouldincludeall requiredransportaindactvationdata.
e Useoneandthesamefile structurefor every isotope:

- MF1
— MF2: usebestpossibleresonanceéatafrom otherlibrary.

— MF3: includeall openreactionchannels.Use MT5 for (n, yn) andre actioncross
sectionabove 20 MeV.

— MF4: Useonly for elasticscatteringangulardistribution (MT2).

\ 0
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ENDF-6philosoply usedby TALYS

e MF6: Usefor all discreteanguladistributions(apartfrom elastic) all double-differential
exclusve spectra,all discreteand continuumphoton productionand recoils. Above
20 MeV, useMF6/MT5 for particle productioncrosssectionsand spectraand residual
productioncrosssections.

e MF8: In caseof isomers:pointto MF (6, 9 or 10) whereinfo exists.
e MF9: Isomericcrosssectiondor non-thresholaeactions.

e MF10: Isomericcrosssectiondor thresholdreactions.

\ 10
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#/lethargy/source neutron
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activation per source neutron and per nucleus
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Spectrum of spallation neutrons from 150 MeV protons incident on lead
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Neutron spectrum outside lead buffer
for incident protons of 150 MeV
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Conclusions

New ENDF-6formatteddatalibrariesfor 204206207%.208ph and209Bj
e Older Pb andBi evaluationsfrom the major world libraries (ENDF/B-VI, JENDL and
JEFF)all suffer from problemsbelan 20 MeV, atthe microscopicandbenchmarkevel.
e Existingexperimentadata< 20 MeV consistentlyanalyzedwvith TALYS code.
e New experiments/modeadevelopmentsisedfor 20< E < 200MeV.

e Evaluateddatafilesimproved from unresoled resonanceaangeup to 200 MeV with
TALYS:

— Consistengooddescriptionof mary reactionchannels.
— CompleteENDF-6datafileincludingall secondaryistributions,photonsgtc.
— SuccessfuNJOY processing.

/ 11
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Conclusions

e Datafileswill beproposedor thenext versionof JEFFE
e Firstintegralbenchmarksvith MCNP(X) encouraging.

e Sensitvy studiesand further integral benchmarkshouldreveal whethergoodis good
enough.

e TALYS isreadyto give othernuclideshesamereatmen{All Ca,Sc,Fe,andGeisotopes
underconstruction).

\ 12
N3G

AN ECN KEMA COMPANY



